We have completed spectroscopic observations using LRIS on the Keck 1 telescope of 30 very high redshift quasars, 11 selected for the presence of damped Lya absorption systems and 19 with redshifts z [ 3.5 not previously surveyed for absorption systems. We have surveyed an additional 10 QSOs with the Lick 120A and the Anglo-Australian Telescope. We have combined these with previous data, resulting in a statistical sample of 646 QSOs and 85 damped Lya absorbers with column densities N H I º 2 ] 1020 atoms cm~2 covering the redshift range 0.008 ¹ z ¹ 4.694. Four main features of how the neutral gas in the universe evolves with redshift are evident from these data.
1. For the Ðrst time, we determine a statistically signiÐcant steepening in the column density distribution function at redshifts z [ 4.0 (greater than 99.7% conÐdence). The steepening of the distribution function is due to both fewer very high column density absorbers atoms cm~2) and more lower (N H I º 1021 column density systems atoms cm~2). (N H I \ 2È4 ] 1020 2. The frequency of very high column density absorbers atoms cm~2) reaches a peak in (N H I º 1021 the redshift range 1.5 \ z \ 4, when the universe is 10%È30% of its present age. Although the sample size is still small, the peak epoch appears to be 3.0 ¹ z ¹ 3.5. The highest column density absorbers disappear rapidly toward higher redshifts in the range z \ 3.5 ] 4.7 and lower redshifts z \ 3.0 ] 0. None with column densities have yet been detected at z [ 4, although we have increased the log N H I º 21 redshift path surveyed by B60%.
3. With our current data set, the comoving mass density of neutral gas, appears to peak at ) g , 3.0 \ z \ 3.5, but the uncertainties are still too large to determine the precise shape of
The statistics ) g . are consistent with a constant value of for 2 \ z \ 4. There is still tentative evidence for a drop-o † at ) g z [ 4, as indicated by earlier data sets. If we deÐne where is the ratio of the peak R g* 4 ) g /) * , R g* value of to the mass density in galaxies in the local universe, we Ðnd values of at ) g ) * , R g* \ 0.25È0.5 z D 3, depending on the cosmology. For an ) \ 1 universe with a zero cosmological constant, R g* B 0.5. For an ) \ 1 universe with a positive cosmological constant we Ðnd () " \ 0.7, ) M \ 0.3), R g* B 0.25. For a universe with and we Ðnd ) " \ 0 ) M \ 0.3, R g* B 0.3. decreases with redshift for the interval z \ 3.5 ] 0.008 for our data set, but we brieÑy discuss 4. ) g new results from Rao & Turnshek for z \ 1.5 that suggest that (z \ 1.5) may be higher than pre-) g viously determined.
To make the data in our statistical sample more readily available for comparison with scenarios from various cosmological models, we provide tables that include all 646 QSOs from our new survey and previously published surveys. They list the minimum and maximum redshift deÐning the redshift path along each line of sight, the QSO emission redshift, and when an absorber is detected, the absorption redshift and measured H I column density. Subject headings : galaxies : evolution È intergalactic medium È quasars : absorption lines
INTRODUCTION
Surveys for damped Lya absorption systems have been driven historically by the desire to detect galaxies in very early stages of evolution, before most of the gas has turned into stars. Because the gas should be neutral and at high column densities atoms cm~2), it will leave (N H I
[ 1020 spectroscopic imprints on the light emitted by background QSOs. These absorbers are identiÐed as damped Lya
The comoving mass density of neutral gas, at z B 3 ) g (z), has been known for some time to be comparable to the density of visible matter, i.e., stars in present-day galaxies for an ) \ 1 (" \ 0) universe (Rao & Briggs 1993 ; WLFC95 ; SMI96) . We have improved our estimates of at high redshift with new surveys (this work ; Storrie-) g (z) Lombardi & Hook 2000) , and estimates of have also ) * been updated (Fukugita, Hogan, & Peebles 1998) . The Ðrst damped Lya survey to have a substantial data set with redshifts z [ 3.0 (Storrie-Lombardi et al. 1996, hereafter SMIH96) hinted at a turnover in at redshifts z [ 4 ) g (z) (SMI96), prior to which damped Lya alpha systems might still be collapsing. In this paper we update the discussion of these issues with a larger high-redshift data set.
All the follow-up observations of known candidate damped Lya absorbers were carried out with the LowResolution Imaging Spectrometer (LRIS ; Oke et al. 1995) on the Keck 1 telescope. The signal-to-noise ratios of the resulting spectra are B25 : 1 per pixel, and the resolution is B2 thus assuring that the spectra are adequate for A , testing the damping hypothesis (cf. WLFC95). The survey for new damped Lya candidates was carried out with LRIS on Keck, the KAST spectrograph at the Lick 120A, and the RGO spectrograph at the Anglo-Australian Telescope.
The paper is organized as follows. In°2 we present the spectra along with Ðts of Voigt proÐles to the damped Lya lines to accurately determine the column densities. Section 3 contains a compilation of a statistical sample of damped Lya systems including results from all available previous surveys. In°4 we present analyses of the three statistical quantities characterizing the evolution of the damped systems, namely, the number of systems per unit redshift interval, dn/dz, the comoving mass density of neutral gas in units of the current critical density, and the frequency ) g (z), distribution of H I column densities, f (N, z). We discuss our results in°5.
DATA
In this section we Ðrst present follow-up spectra of previously reported damped Lya candidates and then discuss new candidates discovered in our survey. Table 1 is a journal of observations describing the LRIS observations of 30 QSOs. Column (1) gives the QSO coordinate name, column (2) the emission redshift, column (3) the UT date of the observations, columns (4) and (5) the V and/or R magnitude of the QSO, column (6) the central wavelength of the grating setting, column (7) the exposure time, column (8) the number of grooves per millimeter of the grating, and column (9) a reference to observations reporting discovery of the candidate. The spectra were wavelength-calibrated with a ThAr lamp, Ñat-Ðelded with a quartz lamp, and reduced in the usual manner. Table 2 presents results for the subset of 11 QSOs selected for the presence of damped Lya candidates. We include only those candidates found in surveys speciÐcally designed to search for strong absorption features blueward of Lya emission. The conÐrmed damped Lya systems are thus included in our statistical sample discussed in°4, which covers lines of sight observed with sufficient accuracy that damped absorption lines arising in gas with above the N H I threshold, 2 ] 1020 atoms cm~2, could have been detected at the 5 p conÐdence level. Column (1) of Table 2 gives the QSO coordinate name, column (2) the emission redshift, columns (3) and (4) the V or R magnitude of the QSO, and columns (5)È(8) the reference for the low-resolution survey that identiÐed the candidate absorber, the absorption redshift, the Lya equivalent width, and the inferred log N(H I). Columns (9) and (10) give the absorption redshift and log N(H I) deduced by proÐle Ðtting from the higher resolution LRIS spectra.
L RIS Spectroscopy

Objects Selected for the Presence of Damped L ya Candidates
Figure 1 exhibits damped Lya absorption spectra for the 10 conÐrmed damped Lya systems with log N H I º 20.3 cm~2 and the z \ 2.8228 system toward Q0249[2212 in which cm~2. Three Voigt proÐle Ðts are log N H I \ 20.20 shown in order of increasing with the middle value N H I , representing the mean inferred from the optimal Ðt, N H I and the other two judged to be^1 p from the mean. The results of the Ðts are given in Table 2 .
Because the high-density Lya forest in this redshift range can lead to ambiguities in the Ðtting procedure, we did a number of simulations creating spectra with damped absorbers in the forest at known redshifts and column densities, and testing our Ðtting techniques on these prior to making the Ðnal Ðts on the object spectra. These are extensions of the simulations discussed in SMIH96, where the original damped candidates were selected. The continua of the spectra were Ðrst Ðtted with an automated task using cubic splines. These were then modiÐed interactively in dense forest regions, where the continuum was placed too low, i.e., the Ðt had dipped into the line. In every case, the redshift of the Ðt is Ðxed by the low-ion metal lines detected redward of Lya emission ; i.e., outside the Lya forest, and a s2 minimization technique, vpgti,2 is subsequently used to make the Ðt.
The metal lines were taken from the LRIS spectra when we had wavelength coverage that went far enough into the red to include them. In the other cases we used the metalline redshifts determined from 5 resolution spectra A (SMIH96) taken with the ISIS spectrograph on the William Herschel Telescope (WHT). We conÐrmed that the wavelength calibrations for the WHT and LRIS data agree well in QSOs with overlap regions. The maximum di †erence in the redshift we determined from the same line measured in di †erent spectra is 0.002, so we are conÐdent that the metal lines in the WHT spectra do not introduce any signiÐcant error when applying the measured redshift to the LRIS spectra.
As expected, the higher resolution of the LRIS spectra make the Ðtting less ambiguous than the candidateselection process, although the agreement between the estimated and actual column density is very good in almost all cases. It was crucial to have a low-ionization metal line to anchor the redshift for the H I absorption, and in all cases one or both wings of the damped feature provided a good constraint on the column density measurement. Weaker H I components were also used to help constrain the Ðts, but only the Ðnal damped components are shown in the Ðgures.
The following are brief comments on the individual Ðts :
1. BR B0019[1522 : z abs \ 3.4370, log N H I \ 20.92.È Si II 1527, Fe II 1608, and Al II 1670 were used to determine the redshift. This is the only damped system in which the Schneider et al. 1987 ; (7) White et al. 1993 ; (8) Sargent et al. 1989 ; (9) Schneider et al. 1991 ; (10) McMahon et al. 1994 . Sargent et al. 1989. column density estimated from the 5 resolution WHT A spectrum was substantially in error. This is due to the fact that it lies at 5400 which is precisely where the blue and A , red arms of the ISIS spectra were pasted together.
2 Table 2. tion components. Both were used to form the Ðt shown in Figure 1 . It is well constrained, owing to the high signal-tonoise ratio of the data. This object has since been observed with HIRES (Lu et al. 1996) , and their result agrees well with ours (log N H I \ 20.5).
New L RIS Survey for Damped L ya Systems
We obtained LRIS spectra for 19 high-redshift QSOs that had not been previously studied for the presence of damped Lya lines and one QSO with a known damped absorber (Q0201]1120). The objects not previously surveyed come from several quasar samples (Warren, Hewett, & Osmer 1991 ; Schneider, Schmidt, & Gunn 1987 McMahon et al. 1994 ; KenneÐck et al. 1995) . Because these objects were not selected on the basis of absorption properties, their spectra are included in constructing the selection function, g(z), which describes the redshift sensitivity of the survey. The survey details are listed in Table 3 . In cases in which damped Lya lines are detected, the spectra are used for Ðtting Voigt proÐles, as in°2.1.1. We show the spectra for all 20 QSOs in Figure 2 , since even intermediatequality data are lacking for most of these objects. The 1 p error arrays are overplotted, although these are difficult to see in most cases because the signal-to-noise ratio is º25.
In Figure 3 we show the spectra for the conÐrmed damped systems. The damped candidate and conÐrmed absorbers are discussed individually below. Table 3 . Expanded versions of the region around the conÐrmed damped systems are shown in Fig. 3 .
FIG. 2.ÈContinued
5. Q0201]1120 : z abs \ 3.3848, log N H I \ 21.3.ÈThe damped system in this QSO was studied by White, Kinney, & Becker (1993) in a spectrum with B10 resolution. A We have wavelength coverage from 5000[8000 A , which includes several low-ionization metal lines from the damped absorber. Our column density and redshift measurements are in excellent agreement with those previously published.
6. PC 0953]4749 : z abs \ 3.403, log N H I ¹ 20.9 ; z abs \ originally observed this object 3.890, log N H I ¹ 21.1.ÈWe because of the obvious large absorption features visible in the published spectrum. We did not plan to include it in the statistical sample because (1) the QSO was approximately a magnitude fainter than the objects we were originally following up, and (2) we observed it because we knew it might have high column damped features. When we completed our new survey, we had observed and included in our statistical sample all the QSOs with V ¹ 19.5 and z º 3.5 that were available at the time. This object has a published V magnitude of 19.5, so we now include it in our statistical Table 3. sample. It is problematic, since it is one of the faintest objects we observed and we only have wavelength coverage at one blue setting. The existing QSO spectra have 25 A resolution, which is too low to provide any useful metal-line information. Even though the 1.5 resolution LRIS spec-A trum has a sufficient signal-to-noise ratio to Ðt the H I, we are unable to accurately anchor the redshifts for these absorbers, so the column densities quoted are upper limits.
7. PSS J1435]3057 : z abs \ 3.26, log N H I \ 20.0 ; z abs \ 3.51, log N H I \ 20.0 ; z abs \ 3.71, log N H I \ 20.0.È Previous experience shows that these candidates are highly unlikely to be damped. They are not included in the statistical sample in the analysis that follows.
8. PSS J1443]2724 : z abs \ 4.216, log N H I \ 20.8.È Although taken with the 300 g mm~1 grating, the signal-tonoise ratio in this spectrum is high enough to determine that this absorber is highly likely to be damped. The redshift was determined from the strong, narrow C II 1334 line.
9. PC 2047]0123 : z abs \ 2.7299, log N H I \ 20.4.È Although the only useful low-ion metal lines, C II 1334 and Fe II 1608, were in the Lya forest portion of the LRIS spectrum, we believe that the redshift is well determined, since neither metal line was severely blended.
10. Q2050]359 : not damped.ÈAlthough the feature at B4843 appears to be damped at Ðrst glance, an exami-A nation of the associated metal lines reveals that it is not. There is a complex of low-and high-ionization metals lines that cover the redshift range 2.98 ¹ z ¹ 3.17, and there is no suitable Ðt for a damped Lya feature with It log N H I º 20.0. is a complex of lower column density lines.
New L ick/AAT Survey for Damped L ya Systems
Ten additional QSOs with redshifts z º 4 were observed at the Lick 3 m telescope with the KAST spectrograph or the Anglo-Australian Telescope with the RGO spectrograph, at B6 resolution. The survey data from these A objects are summarized in Table 4 , and the spectra are shown in Figure 4 . PSS J0244[0108 is excluded from further analysis because it exhibits broad absorption lines believed to be intrinsic to the quasar. Four damped candidates were detected in these spectra, and their estimated column densities were determined from the measured equivalent widths of the lines. This method is discussed in detail in Lanzetta et al. (1991) , and its application to z [ 4 QSOs is discussed in SMIH96. BRI B0111[2819 was subsequently followed up with LRIS and is included in Table 2 .
STATISTICAL SAMPLE
The statistical sample of damped absorbers includes all conÐrmed or candidate damped Lya absorbers with neutral hydrogen column densities atoms cm~2 N H I º 2 ] 1020 from surveys designed to detect these absorbers (Wolfe et al. 1986 ; Lanzetta et al. 1991 ; Lanzetta, Wolfe, & Turshek 1995, hereafter Table 5 . The QSO spectra that did not contain damped absorbers, and the redshift path they contribute, are listed in Table 6 . This includes 646 QSO lines of sight and 85 damped Lya NOTE.ÈThe Lick observations were taken at the 120A with the KAST spectrograph, with simultaneous blue and red arm observations. The AngloAustralian Telescope observations were taken with the RGO spectrograph. All are at approximately 6 resolution (FWHM). For the spectra with enough A wavelength coverage to the red to see C IV, the QSO emission redshifts have been determined from a mean of the O I 1302, Si IV ] O IV 1400, and C IV 1549 emission lines.
a This damped candidate was subsequently observed with LRIS (see Table 2 and The spectra for all of these lines of sight had sufficient signal-to-noise ratio for us to detect damped absorption with above the threshold at the 5 p con-N H I Ðdence level between the redshifts and listed in the z min z max tables. The redshift path surveyed in each QSO is used to construct the sensitivity function, g(z). It gives the number of lines of sight at a given redshift over which damped systems can be detected at a greater than 5 p level. The form of the selection function is given by
FIG. 4.ÈSurvey spectra taken at the Lick 3 m and the Anglo-Australian Telescope. The data are summarized in Table 4 . Pettini et al. 1994 ; (6) SMIH96 ; (7) this paper ; (8) Lanzetta et al. 1991 ; (9) Wolfe et al. 1986 ; (10) Black, Cha †ee, & Foltz 1987 ; (11) Lu & Wolfe 1994 ; (12) Wolfe et al. 1993 ; (13) Lu et al. 1993 ; (14) Rauch et al. 1990 ; (15) Wolfe et al. 1986 ; (6) this paper ; (7) SMIH96 ; (8) Sargent et al. 1989 ; (9) SIM96. where # is the Heaviside step function, and where the sum is over the m QSOs in the survey (see Lanzetta et al. 1991) .
FIG. 4.ÈContinued
The left panel of Figure 5 illustrates how the redshift sensitivity for the entire statistical sample compares with previous work. The data included in this paper are shown as a solid line ; the large compilation of damped systems in the Large Bright Quasar Survey (WLFC95), which provides the bulk of the data for z \ 3, is shown as a dashed line ; and the Automated Place Measuring Facility (APM) survey (SMIH96), which provided most of the previous data for z [ 3, is shown as a dotted line. The right panel of Figure 5 shows the detail for the redshift range z º 3.
The new data included in this paper increase by 75% the redshift path surveyed for z º 3. In Table 7 we compare *z FIG. 5.ÈRedshift sensitivity function, g(z) , plotted for the combined data sets used in this survey as a solid line. Shown are the number of lines of sight at a given redshift over which damped systems can be detected at a [5 p level. Left panel illustrates how the redshift sensitivity for the entire statistical sample compares with previous work. The data included in this paper are shown as a solid line, the large compilation in the LBQS survey (WLFC95), which provides the bulk of the data for z \ 3, is shown as a dashed line, and the APM survey (SMIH96), which provided most of the previous data for z [ 3, is shown as a dotted line. Right panel shows the detail for the redshift range z º 3. The new data included in this paper nearly double the redshift path previously surveyed for z º 3. for the Large Bright Quasar Survey (LBQS), the APM survey, and this paper for z [ 3 and for the entire redshift range of the samples. We also give analogous values for the total "" absorption distance,ÏÏ *X, which is deÐned as (Bahcall & Peebles 1969 ; cf. Tytler 1987 ). The redshift path over which damped systems could be detected is crucial in estimating the cosmological mass density in neutral gas from the damped systems, as well as the number density per unit redshift and the frequency distribution per unit column density. These are discussed in detail in the next section.
4. ANALYSIS
Frequency Distribution of Column Densities, f (N, z)
By combining our statistical sample of damped systems with the data presented in Hu et al. (1995) for column densities atoms cm~2, we can examine the fre-N H I
¹ 2 ] 1020 quency distribution for the entire H I column density range, 1012È1022 atoms cm~2 (see Tytler 1987 ; Petitjean et al. 1993 ; Hu et al. 1995) . This is shown in Figure 6 . To Ðrst order, it is Ðtted by a power-law function, f (N) P N~1.46, over 10 orders of magnitude in column density. The Lya forest absorbers are by far the most numerous, yet if we integrate this to Ðnd the mass density, the bulk of the H I mass is locked up in the damped systems. A disadvantage of a power-law model for the H I column density distribution of damped Lya absorbers is the divergent nature of the integral mass contained in the systems. A high column density cuto † (e.g., 1022) must be selected to perform the integral. We discuss below an alternative parameterization based on a gamma distribution (cf. Pei & Fall 1995 ; SIM96) .
Di †erential Column Density Distribution
The frequency distribution of H I column densities is deÐned as follows. Let f (N, X)dN dX be the number of absorbers per sight line, with H I column densities in the interval (N, N ] dN) , and absorption distances in the interval (X, X ] dX). Then the frequency distribution of H I column densities is f (N, z) 4 f (N, X[z]). In Figure 7 we show the f (N, z) derived from the entire statistical sample of damped absorbers for and in Figure 8 we show the q 0 \ 0.0, same data divided into four redshift bins : z \ 0.008È1.5, 1.5È2.5, 2.5È3.5, and 3.5È4.7. The Ñattest distribution is in the redshift range z \ 3.0È3.5, and it steepens toward higher and lower redshifts from this point. This was noted in WLFC95 for the z \ 3.5 data and in SIM96 for the z [ 3.5 data, but the di †erences in f (N) with redshift were not statistically signiÐcant. Our new statistical sample is large enough to make some quantitative statements about the redshift evolution of f (N) at high redshift. 4.1.2. T he Neutral Gas Density at z \ 1.5
There is a steepening of the di †erential distribution of column densities evident at z \ 1.5 in our data set, but not at a statistically signiÐcant level. Previous surveys have shown a very low number density per unit redshift from International Ultraviolet Explorer (IUE) and Hubble Space T elescope (HST ) data (LWT95), and Jannuzi et al. (1998) also Ðnd numbers consistent with this from HST Key Project data. However, Rao & Turnshek (1998) have reported in a Letter the discovery of 12 new low-redshift damped systems, and their full survey has just appeared in preprint form (Rao & Turnshek 2000) . This redshift range is problematic, because any bias in QSO surveys due to possible obscuration by dust in foreground absorbers would have the largest impact here (see Pei & Fall 1995 ; SMI96) . In this paper we focus on the redshift range z [ 1.5. 4.1.3. Evolution of the Neutral Gas Density at z [ 1.5
For the Ðrst time, we determine a statistically signiÐcant (greater than 99.7% conÐdence) steepening in the column density distribution function at redshifts z [ 4.0. This is evidenced by comparing the data in the redshift range 1.5 \ z \ 4 with the data at z º 4, as shown in Figure 9 . This shows the cumulative distribution, normalized by the absorption distance surveyed. A Kolmogorov-Smirnov (K-S) test gives a probability of only 0.006 that the two redshift samples are drawn from the same distribution. The steepening of the distribution function is due to both fewer very high column density absorbers atoms (N H I º 1021 cm~2) and more lower column density systems (N H I \ 2È4 ] 1020). No damped systems with column densities have yet been detected at z [ 4. log N H I º 21
Fits to the Column Density Distribution
A single power law, f (N) \ kN~b, does not provide a good Ðt to the column density distribution function for damped Lya absorbers. A single power-law Ðt has the additional problem that if b \ 2, as all current estimates indicate, then the total mass in damped systems diverges unless an upper bound to the H I column density is assumed. An alternative parameterization, using a gamma function to describe the H I column density distribution, was suggested FIG. 8 .ÈDi †erential column density distribution function of neutral hydrogen for damped Lya absorbers shown in four redshifts bins : 0.008È1.5 (top left), 1.5È2.5 (top right), 2.5È3.5 (bottom left), and 3.5È4.7 (bottom right). The distribution is Ñattest at z B 3 and steepens toward higher and lower redshifts from that point. The steepening at high redshift is due to both a paucity of very high column density systems and an increase in the frequency of lower column density systems. There is also a steepening of the di †erential distribution evident at z \ 1.5, but this is not statistically signiÐcant (see Rao & Turnshek 2000 for new results in this redshift range).
FIG. 9.
ÈThe log of the cumulative number of damped Lya absorbers vs. log column density normalized by the redshift path surveyed, shown versus log column density for two redshift ranges. Solid lines shows the data for 1.5 \ z \ 4.0, and dashed line shows the data for z º 4.0. A K-S test gives a probability of only 0.006 that the two redshift samples are drawn from the same distribution. This is the Ðrst time that the steepening of the column density distribution function has been shown to be statistically signiÐcant.
by Pei & Fall (1995) and adopted by SIM96. We use the same formalism here.
We model the data with a gamma distribution of the form
where is the characteristic number of absorbing systems f * at the column density and is a parameter deÐning N * , N * the turnover, or "" knee,ÏÏ in the number distribution. Both f * and may in general vary with redshift, but for the N * moment we treat them as constants. This functional form is similar to the Schechter luminosity function (Schechter 1976) . For the gamma function tends to the same N > N * , form as the single power law, f (N) P N~b, while for N Z the exponential term begins to dominate. We use a N * maximum-likelihood technique to Ðnd a solution over a two-dimensional grid of pairs of values of and b, since N * the constant can be directly computed using the conf * straint
Including Lyman-Limit System Data The log of the cumulative number of damped Lya absorbers vs. log column density, including a point for the expected number of Lyman limit systems, shown as a Ðlled circle. The best Ðts to the column density distribution function of the form f (N, z) are overplotted using the values in Table 8 . Bottom : Corresponding [68.3%, [95.5%, and [99.7% conÐdence contours for the \ ( f * /N * )(N/N * )~be~N@Np log-likelihood results when calculating b, the slope of the power-law portion of the Ðt, and the knee in the distribution. log N * , 4.2. Number Density Evolution with Redshift We now examine the redshift evolution of the damped Lya absorbers in our combined data set by determining the number density of absorbers per unit redshift, dN/ dz 4 N(z). In a standard Friedmann universe for absorbers with cross sectional area A, absorption distance X, and ' 0 per unit comoving volume,
where
It is customary to represent the number density as a power law of the form
The di †erential distribution in number density of absorbers versus redshift is shown in Figure 11 . It is Ðtted by a single FIG. 11 .ÈDi †erential distribution in number density of absorbers vs. redshift for the entire data set. It is Ðtted by a single power law with and c \ 1.11, which would suggest no intrinsic evolution in the N 0 \ 0.055 product of the space density and cross section of the absorbers with redshift, but the Ðt is very poorly constrained, as shown in Fig. 12. power law with and c \ 1.11, which would N 0 \ 0.055 suggest no intrinsic evolution in the product of the space density and cross section of the absorbers with redshift, but the Ðt is very poorly constrained. This is evident in the [68.3% and [95.5% conÐdence contours for the loglikelihood results when calculating c and which is N 0 , shown in Figure 12 . The poor Ðt is due to di †erential evolution in the number density of damped Lya absorbers with di †erent column densities, which has been described in LWT95, WLFC95, and SIM96.
The number density of absorbers versus redshift, split at a column density of is shown in Figure 13 . The log N H I \ 21, number density of systems with shown as log N H I [ 21, solid lines, peaks at z B 3.5, when the universe is 15%È20% of its present age. These systems then disappear at a much faster rate from z \ 3.5 to 0 than does the population of damped absorbers as a whole. There is a paucity of very high column density systems at the highest redshifts surveys, which was also evidenced in the steepening of the column density distribution discussed in°4.1.3. The number density of damped absorbers with column densities decreases from redshifts z B 4 to z B 3.5 and log N H I ¹ 21 remains relatively constant toward z \ 1.5. The di †erential evolution with column density suggests :
1. There has been insufficient time at z [ 3.5 for the highest column density absorbers to collapse.
2. Once they do form, the highest column density absorbers preferentially form stars before their lower column density counterparts, and hence disappear more rapidly toward lower redshifts. From the evolution of the H I with redshift alone we are unable to determine whether we are watching the evolution of similar systems with redshift or watching some systems disappear and others form. (1 ] z)c. power law is very poorly constrained due to di †erential evolution in the number density of damped Lya absorbers with di †erent column densities. This is illustrated in Fig. 13.   FIG. 13 .ÈNumber density per unit redshift, shown for the same data as in Fig. 11 , but now split into two groups at a column density of log N H I \ 21. The number density of systems with (solid lines), peaks at log N H I [ 21 z B 3.5, when the universe is 15%È20% of its present age. These systems then disappear at a much faster rate from z \ 3.5 to z \ 0 than does the population of damped absorbers as a whole. There is a paucity of very high column density systems at the highest redshift surveys, which was also evidenced in the steepening of the column density distribution discussed in°4 .1.3. The number density per unit redshift of damped absorbers with column densities peaks at z B 4, drops at z B 3.5, and log N H I ¹ 21 remains constant or increases slightly toward z \ 1.5.
Evolution of the Mass Density of Neutral Gas
The comoving mass density of neutral gas is given by
where the density is in units of current critical density (see Lanzetta et al. 1991) . The quantity k is the mean particle mass per where is the mass of the H atom, is the m H , m H o crit current critical mass density, and the sum is over damped Lya systems in the statistical sample listed in Table 5 . We use km s~1 Mpc in all these calculations. Because H 0 \ 65 we are interested in determining for separate redshift ) g (z) bins, *X(z) is given by the integral / g(X)dX between the X(z) corresponding to the redshift limits of each bin. We determine by assuming k \ 1.3. The results for our ) g (z) data set from z \ 0.008 to 4.7 are shown in Figure 14 for three di †erent cosmologies with (1)
and (3) ) " \ 0 ; ) M \ 0.3, ) " \ 0 ; ) M \ 0.3, ) " \ 0.7. The region is the^1 p range for the mass density in ) * stars in nearby galaxies (Fukugita, Hogan, & Peebles 1998) . The point at z \ 0 is the value inferred from 21 cm emission from local galaxies (Zwaan et al. 1997) . These results are tabulated in Table 9 . Here evolves in the same fashion ) g FIG. 14.ÈComoving mass density in neutral gas contributed by damped Lya absorbers, plotted for three di †erent cosmologies : top left :
and bottom left : The region is the^1 p range for the mass density in stars in nearby galaxies Fukugita et al. 1998) . The point at z \ 0 is the value inferred from 21 cm emission from local galaxies (Zwaan et al. 1997 ). These results are tabulated in Table 9 . (5) is more than the total for this data set (646). This is because the same QSO can contribute redshift path to more than one redshift bin.
with redshift regardless of the cosmology selected, and there is a tentative peak in in the redshift range 3 \ z \ 3.5. ) g We consistently Ðnd very high column density systems in this redshift range, even though for z [ 4 QSOs, z D 3 absorbers are deep in the Lya forest, where they are most difficult to detect due to the density of the forest lines in the spectra. This was evidenced in°4.1.1, where the shape of the frequency distribution of column densities was Ñattest in the 3 \ z \ 3.5 redshift bin.
What does change with cosmological model is the ratio of the peak value of to the mass density in galaxies in ) g ) * , the local universe. We deÐne this ratio as R g* 4 ) g (3 \ z \ Previous surveys WLFC95 ;  3.5)/) * . SMI96) have found the value of to be of order 1. When R g* we look at this ratio for our current [R g* \ ) g (z \ 3)/) * ] data set and value of we Ðnd depending ) * , R g* B 0.25È0.5, on the cosmology. For an ) \ 1 universe with a zero cosmological constant, for an ) \ 1 universe R g* B 0.5 ; with a positive cosmological constant () " \ 0.7, ) M \ 0.3), and for a universe with and R g* B 0.25 ; ) " \ 0 ) M \ 0.3, R g* B 0.3.
DISCUSSION
Although the results for the comoving mass density of neutral gas shown in Figure 14 look very similar to those published in previous work, we here discuss the main di †er-ences in these new results and their implications.
1. The values of in this work are lower than those ) g previously published for z [ 1.5. The values for ) g published in WLFC95 and SMI96 used km s~1 H 0 \ 50 Mpc, while in this work we use km s~1 Mpc, H 0 \ 65 which decreases by 23% at all redshifts. The improved ) g statistics due to the increased redshift path also reduce the e †ect of the scatter produced by the small number of QSOs with very high column density absorbers. The value of is ) g now less sensitive to the maximum column density in any particular redshift bin. The comparison of to does ) g ) * not appear to be very di †erent, even though the values are lower, because our estimate of has changed as well. ) * 2. The value of from Fukugita, Peebles, & Hogan ) * (1998) that we use in these plots is also about half the value inferred from Gnedin & Ostriker (1992) Salucci & Persic (1999) Ðnd a lower value of (2 ] 10~3) independent of the Hubble constant, ) * which is about half the value we have plotted from Fukugita et al. (1998) . As our understanding of the local mass density improves, we will continue to reÐne these numbers for comparison with the high-redshift determinations.
3. The calculation of for z [ 3.5 in SMI96 hinted at a ) g turnover at these high redshifts. Our larger data set does not conÐrm whether or not this turnover is real, although the trend continues to be present in our larger data set. We do see a statistically signiÐcant change in the frequency distribution of column densities at z [ 4 (°4. 
) the comoving mass density in neutral gas contributed by damped Lya absorbers, with the value from Rao & Turnshek (2000) for z \ 1.65 ) g (z), plotted as dashed lines. The error bars are still very large, but they Ðnd a substantially higher value of at lower redshifts than indicated from ) g previous surveys.
we only have an upper limit for the column density, as discussed in°2.1.1. Although we have surveyed enough quasars at z [ 3.5 not to be extremely sensitive to the inclusion or exclusion of one absorber, it is true that if this high column density were substantially lower, the error bars for the 3 \ z \ 3.5 and z [ 3.5 bins would not overlap. We will have to wait for more data to make a deÐnitive statement about a turnover in at z [ 4. ) g 4. The determined in WLFC95 shows a monotonic ) g decrease from z \ 3.5 to 0.008. Our larger data set also shows a decrease, but the inclusion of the addition survey of Storrie-Lombardi & Hook (2000) makes Ñatter in the ) g redshift range 2 \ z \ 3. Our new data are consistent with a constant value of for 2 \ z \ 4. New results from Rao & ) g Turnshek (2000) for z \ 1.5 also suggest that (z \ 1.5) ) g may be higher than previously determined. In Figure 15 we replot the Ðrst panel of Figure 14 , and show their lower redshift data point with dashed lines. The error bars are still very large, but they Ðnd a substantially higher value for ) g at z \ 1.65 than previous surveys.
